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Introduction
Pulmonary nodules were common findings in lung parenchyma especially in current and former smokers. Improvement in detection of pulmonary nodules was possible by means of using spiral chest computed tomography (CT) with postprocessing and computer aided diagnosis (CAD) systems [1] [2] [3] [4] [5] . There were many attempts in lung cancer screening trials to provide evaluation of solid pulmonary nodules, which could be considered as potentially early stages of lung cancer [3, 5, 6] . However, most of the pulmonary nodules presented benign diseases. Lung cancer is the leading cause of cancer deaths in males, with a mean 5-year survival rate of about 10-15%. Early detection and treatment of lung cancer played an important role in improving treatment and decreasing mortality. The best prognosis of about 70% 5-year survival rate occurred in patients in stage I (T1N0M0).
Aim of the study
The purpose of this paper was to present baseline characteristics of potentially malignant nodules revealed in a group of male smokers aged 50-74 with a very high risk for developing lung cancer estimated in the study for lung cancer screening in Cracow (Poland).
Material and methods
The study was approved by the Polish Ministry of Science and Higher Education and by the ethics board. All participants gave written informed consent.
The participants in the study in Cracow were invited from the population registry and were asked in questionnaires about general health, alcohol consumption, physical exercise, cancer history, family history of lung cancer, body weight and height, level of education and smoking exposure history (years smoked, cigarettes smoked per day, years quit). Exclusion criteria included: current or past renal cancer, melanoma or lung cancer diagnosed less than 5 years ago or lung cancer diagnosed 5 years or more ago but still under treatment, obesity (BMI ≥ 30 kg/m 2 ), NYHA III and IV, chest CT examination in previous year. Additionally, 300 agematched control individuals were enrolled. In all participants low-dose chest CT without contrast media in spiral mode in inspiration was performed using 64 dualsource CT with 0.75-mm slices in cranial-caudal scan direction. KVp settings were dependent on body weight, and mAs were adjusted by the machine. Double reading of all images were performed with the LungCare Siemens software package for multi-dimensional image processing and computer viewing. Pulmonary nodule diameter and volume were automatically calculated by means of a 3D (three dimensional) assessment tool, which could be manually corrected by the radiologist using 2D (two dimensional) measurements.
According to NELSON criteria concerning size and morphological features on baseline screening non-calcified solid nodules were classified to three groups. Type A nodules (negative test results) presented benign lesions with morphologically benign features (such as fat or benign calcifications) and/or were smaller than 50 mm 3 . Type B nodules (indeterminate test results) presented solid nodules of 50-500 mm 3 in size. Finally, type C nodules (positive test results, potentially malignant nodules) were larger than 500 mm 3 . Based on CT examinations and characteristics of pulmonary nodules, subjects were classified to group A, B or C. Within group A males revealed only type A pulmonary nodules. Males were classified to group B or group C if any pulmonary nodule of type B or type C respectively was observed. Participants from group A with benign nodules required an annual repeat scan. Subjects of group B with indeterminate nodules required follow-up scanning after 3-4 months to assess growth. Males of group C were referred to further work-up and histological diagnosis.
There were 39 males who were classified to group C with a very high risk of lung cancer. All subjects from group C revealed potentially malignant nodules, which required work-up and histological diagnosis. Of the 39 participants with positive test results, 32 were referred for workup, 3 were not referred (because of the decision of pulmonologists), and 4 participants refused further diagnostics. All 32 participants were diagnosed by means of invasive procedures such as bronchoscopy with EBUS-TBNA (endobronchial ultrasound -transbronchial needle aspiration), in 7 cases PET CT was performed, in 14 males surgical procedures by means of minithoracotomy were performed. Based on intraoperative histopathological examinations, further decisions about broadening the operation range were decided. In case of a malignant nodule, lobectomy with lymphadenectomy was performed. Final diagnosis was based on pathological results of postoperative material.
The analyses were based as the use of t test for normally distributed continuous variables, Mann-Whitney U test, and χ 2 test for categorical variables. The prespecified significance level was set at α = 0.05. All analyses were conducted using the statistical software package STATISTICA v.10.
Results
Of the 39 participants of mean age 63.4 (standard deviation (SD): 6.69 years) with positive test results, 33.3% (n = 13) were younger than 60 years old and 66.7% (n = 26) were ≥ 60 years old. 59% (n = 23) were current smokers and 41% (n = 16) were former smokers. 33.3% (n = 13) had positive family cancer history. None of the respondents from group C revealed exposure to asbestos longer than 10 years. Within 39 males with potentially malignant nodules 4 participants refused further diagnostics, 32 (91.4% of 35 males) were referred for workup, and 3 (8.6% of 35 males) were not referred (because of the decision of pulmonologists). 33.3% (n = 13) of subjects revealed exertional cough, 25.6% (n = 10) permanent cough and 25.6% (n = 10) morning cough, and 17.9% (n = 7) spat sputum. None of the participants revealed loss of weight, pneumonia or hemoptysis.
In 39 participants a total of 41 type C pulmonary nodules of median volume 1197 mm3 (x _ = 3843.8 mm ) were observed (Table I) . According to location, potentially malignant pulmonary nodules (type C) were detected in the right lung in 57.1% (n = 20) and in the upper lobes in 51.4% (n = 18) (Table II) .
All 32 participants were diagnosed by means of invasive procedures such as bronchoscopy with EBUS-TBNA (endobronchial ultrasound -transbronchial needle aspiration), in 7 (21.9%) cases PET-CT was performed and in 14 (43.6%) cases surgical procedures by means of minithoracotomy were performed. In 56.3% (n = 18) of cases EBUS-TBNA revealed no changes and in these subjects further control by a pulmonologist was recommended. Based on histopathological examination 9 types of benign lesions in 7 participants were detected and included: 1 case of hamartoma, seborrhoeic wart, hemorrhagic lesion, obliterative bronchiolitis, nodular goiter, tubular bronchial gland adenoma and hyperplastic bronchial polyp, and 2 cases of silicosis. Lung cancer was diagnosed by means of invasive procedures in 7 (21.9%) of the 32 participants with 7 potentially malignant pulmonary nodules. Within 5 males adenocarcinoma type was proved in 5 potentially malignant pulmonary nodules: 1 case presented papillary adenocarcinoma, 1 case acinar adenocarcinoma and 3 cases belonged to solid [NOS (not otherwise specified)] type of adenocarcinoma. In 2 males with 2 type C pulmonary nodules adenosquamous carcinomas were histologically proved (Table III) . Six out of 7 cases (85.7%) were classified as pathological stage I, 1 case out of 7 (14.3%) presented pathological stage IV.
Specificity for the baseline screening protocol was 96.4%. Sensitivity in baseline screening was not obtained, because the study was still in the follow-up phase. There was no significant difference in mean age among males with lung cancer and without lung cancer. There was also no significant difference in years of smoking duration, number of cigarettes smoked per day, pack-years and number of pulmonary nodules among men with lung cancer and without lung cancer. There was no significant correlation between positive family cancer history, current smoking, exposure to asbestos and prevalence of lung cancer. However, these results could be due to the very small number of studied participants.
Discussion
Since the National Lung Screening Trial (NLST) proved a 20.1% reduction in lung cancer mortality rate in participants screened by low dose chest CT in comparison to chest radiograph, low dose CT (LDCT) became a major technique used in lung cancer screening studies [8] . Moreover, computer aided diagnosis (CAD) systems in chest CT improved accuracy in detecting pulmonary nodules considered as potentially early stages of lung cancer [2, 3, 5, 7] . Detecting lung cancer at an early stage improved treatment and the survival rate. The aim of lung cancer screening trials still remained detection of pulmonary nodules and distinguishing benign from malignant ones based on their morphological characteristics, to decrease the lung cancer mortality rate on one hand and diminish over-diagnosis and un- (12) unspecified data (12) Wilson et al. [9] (4) cell carcinoma (4) carcinoid (6) sacromatoid no histological (pleomorphic) diagnosis (13) carcinoma (1) NSCLC-NOS (2)
NLST -National Lung Screening Trial; PLuSS -Pittsburg Lung Cancer Screening; ELCAP -Early Lung Cancer Action Program; NELSON -NEderlands Leuvens Longkanker Screenings Onderzoek (NELSON-screening trial) in high risk subjects; NOS -not otherwise specified; BAC -bronchioalveolar carcinoma; NSCLC -non small cell lung carcinoma
necessary invasive or surgical procedures on the other hand [7] [8] [9] . However, it was always histopathological examination which established the final diagnosis. In this study we revealed solid pulmonary nodules in 92% (n=831) of participants in baseline screening, which was much higher than that reported in the literature (5-51%) [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . We obtained specificity of 96.4% of baseline screening, which was similar to the published experience (92-99.6%) [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Sensitivity remains unknown, for our study is still ongoing. We proved lung cancer nodules in 0.7% (n = 7) of subjects (0.2-3.7% in other studies), potentially malignant non-lung cancer nodules in 3.5% (n = 32) of cases (1-49% reported in the literature) and benign nodules in 95.6% (n = 861) of males, which was similar to the other studies (77-100%) [22] . We classified all male smokers to group A, B or C according to NELSON criteria, which referred to nodule volumetry [3, 4] . Similarly to other trials, an annual scan for small nodules (ø ≤ 5 mm) was performed, due to their very low likelihood of malignancy [1, 5, 6] . The main differences between the protocol and other trials occurred within group B (indeterminate nodules), with larger cutoff of diameter and volumetry in our study (8) (9) (10) in other trials) [22] . It was in order to avoid over-diagnosis and unnecessary surgical procedures of indeterminate nodules in potentially healthy male smokers, rather with the focus on delaying the decision of invasive diagnostics, unless nodule growth was proved [1, 4, 5] . However, considering the low lung cancer detection rate in the studied sample (0.7%), which remained much lower than the prevalence of potentially malignant nodules (4.3%), and considering the large total number of nodules detected in male smokers (92%) in studied participants in Cracow, the question about changing (decreasing) the cut-off size of indeterminate nodules for the Polish population remained open. Based on sub-type of histological analyses, adenocarcinoma type (with papillary, acinar, and solid [NOS] variants) and adenosquamous cell carcinoma type within potentially malignant pulmonary nodules in the studied sample of elderly male smokers in Cracow were proved.
NSCLC (non-small cell lung carcinoma) is the most often proved lung cancer type in the literature (Table  IV) . Among this group adenocarcinoma with BAC (bronchioalveolar type) was detected in over half of cases. The second most often detected lung cancer type was squamous cell carcinoma. Small cell lung carcinomas (SCLC), large cell carcinomas, and carcinoid were diagnosed in several single cases (Table IV) . In our study 85.7% of cases were classified as pathological stage I and 14.3% of cases presented pathological stage IV, in comparison to 70.8% (stage IA) and 8.1% (IIIB + IV) reported in Horeweg's paper summarizing the long-term Dutch-Belgian part of the NELSON study [21] . Our results, however, remained similar to other trials [8, 12, 13] .
Benign lesions were also histologically proved and presented various types of benign diseases. Median volume of malignant nodules in our study is slightly higher than that reported in the literature, but it could also be caused by a different cut-off of median diameter, which was cleared above [3, 4, 7] . Further studies and follow-up are needed to improve guidelines for management of pulmonary nodules detected on CT scans [6] .
Conclusions
We determined morphological characteristics of a group with potentially malignant pulmonary nodules in 39 high-risk male smokers selected from a studied population in Cracow (Poland). We estimated median volume for each type C pulmonary nodule and for each type A and B pulmonary nodule within group C. The prevalence of location of type C nodules in the right lung and in the upper lobe was observed. In 7 cases lung cancer was histologically proved with 5 cases of adenocarcinoma type and 2 cases of adenosquamous carcinomas. In 7 subjects 9 nodules were found to be benign lesions.
